Abstract
LGM simulations shows absence of significant correlations in the three circular regions, the PNA 115 pathway is considered to be distorted or broken at LGM. Because the PNA is most active in DJF, 116 our analysis below will mainly focus on the December-January-February (DJF) season. LGM. This is the most important point of the present paper. The PNA teleconnection at LGM is even completely broken in other PMIP2 models. There (Fig. 4) , which represents the propagation direction of stationary waves (Plumb, 1985) . At 210 present, the wave activity fluxes have two branches for wave propagation from the North Pacific 211 toward North America (Fig. 4a) . The major branch propagates northeastward, forming the PNA determined by extratropical zonal flows (Hoskins and Karoly, 1981; Jin and Hoskins, 1995 LGM than at present. Second, the jet is shifted equatorward at LGM, and the jet is turned 229 southeastward as it approaches the North American continent, in contrast to the northeast 230 orientation at present. Third, similar to that in early studies (Cohmap, 1988; Kutzbach and 231 Wright, 1985; Rind, 1987) , the jet splits over North America with the much stronger branch 232 located in the subtropics, leaving the much weaker branch over northern Canada. These features 233 can be seen more clearly in differences of zonal winds between LGM and PIC simulations ( LGM. Zonal-wind unit is ms-1, and temperature unit is K.
255
The jet split and the equatorward shift of the major jet branch are caused by the orographic 256 forcing of the large and thick Laurentide ice sheet. Fig. S4 shows how the westerly jet responds 257 to the ice sheet thickness in the sensitivity simulations. In the case with 0% ice sheet thickness, 258 there is only a single jet in the subtropics (Fig. S4a) , almost the same as that in the PIC 259 simulation. As ice sheet thickness is increased, the jet is strengthened and shows equatorward 260 shift. Significant jet split occurs as ice sheet thickness reaches 80% (Fig. S4e) . It is why the 261 distortion of the PNA occurs as ice sheet thickness reaches 80%. As the ice sheet thickness is 262 increased to 100% and 150%, the jet split becomes more significant, and easterly winds begin to 263 develop over the ice sheet. shading indicates the areas with imaginary wavenumbers, in which propagation of stationary 288 waves is prohibited. These shallow-blue areas are associated with the easterly winds. When the 289 ice sheet thickness is 60% (Fig. 7a) The occurrence of easterly winds can be further illustrated with the geopotential heights at 302 500 hPa (Fig. 8) . In both NCEP/NCAR reanalysis and the PIC simulation, there is only a weak 303 ridge along the west coast of North America (Figs. 8a and b) . In contrast, the ridge at LGM is 304 largely enhanced and shows northwestern tilting (Fig. 8c) . It is this strong ridge that leads to 
Conclusions and Discussions
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We have showed in climate simulations that the large and thick Laurentide ice sheet at 339 LGM forced jet split and the formation of easterly winds over North America. 
